Abstract-The empirical mode decomposition (EMD) method for analysing nonlinear and non-stationary data has attracted great research interests. Because, the TH-PPM UWB signal which has the property of transient and low probability of intercept (LPI) is non-stationary, in this paper, the EMD method is used to extract the weak impulse radio signal from noisy environment. The noisy TH-PPM UWB signals are decomposed into a finite number of oscillatory modes known as intrinsic mode functions (IMFs) and a residue. Based on different time scale characteristic of the signal and noise, a majority of noise will be removed from signal by proper selection of IMFs. Simulations have demonstrated that an efficient elimination of noise on UWB signal and a great improvement on Bit error rate (BER) are achieved.
I. INTRODUCTION
Ultra Wide Band (UWB) communications have received wide interest after the U.S. Federal Communications Commission (FCC) allowed the use of unlicensed UWB communications [1] . The UWB signal is defined as the signal with fractional bandwidth larger than 20% or absolute bandwidth lager than 500MHz. Typical UWB signal is traditionally accepted as a train of pulses known as Gaussian monocycle pulses with ultra-short duration in the order of sub nanosecond. Time Hopping-Pulse Position Modulation (TH-PPM) UWB signals have the Cyclostationary characteristic [2, 3] , so they are special non-stationary. Actually, they have the property of transient and low probability of intercept (LPI), leading to inefficiency in using traditional linear denoising schemes to extract the signal from noisy condition, e.g., Wiener filtering [4, 5] .
The empirical mode decomposition (EMD) has been proposed to analyze data from non-stationary and nonlinear processes [6] as an intuitive, direct, and adaptive approach, with which any complicated data set can be decomposed into a finite and often small number of 'intrinsic mode functions' (IMFs). This decomposition method is adaptive, and, therefore, highly efficient. Since the decomposition is based on the local characteristic time scale of the data, it is applicable to nonlinear and non-stationary processes. In contrast to wavelet decomposition [7, 8] where the basis functions are fixed, EMD derives the basis function from the signal itself which matches the natures of various signals perfectly.
In early papers, aimed at few UWB pulses with additive white Gaussian noise (AWGN), some denoising methods based on EMD or amendatory EMD are studied [9] . But, all of them are simulated in a simplified model which is not a real process of communication and only give the improved SNR with few pulses under a certain SNR. In this paper, in AWGN channel, we will focus on the improved BER performance with different SNR to an actual TH-PPM UWB communications.
II. EMPIRICAL MODE DECOMPOSITON

A.
Intrinsic Mode Function EMD methods divide the noisy signal into several multi-scale signals, i.e. intrinsic mode function (IMF). By definition, An IMF with the following definitions represents each of these oscillatory modes.
(1) In the whole data set, the number of extrema and the number of zero crossings must either equal or differ at most by one.
(2) At any point, the mean value of the envelope defined by the local maxima and the envelope defined by the local minima is zero.
The first condition is obvious; it is similar to the traditional narrow band requirements for a stationary Gaussian process. The second condition is a new idea; it ensures the physic characteristics of instantaneous frequency.
B.
Sifting Algorithm The essence of EMD is to process the complicated data stationarily. The algorithm will identify the IMF components by their characteristic time scales in the data empirically, and then decompose the data correspondingly. A systematic way to extract these IMFs is designated as sifting process. Given a signal ( ) x t , the effective sifting process can be summarized as the following steps: 1) Given a sifting threshold ε , compute the k -th IMF
2) Compute the remaining component of ( 1) k − -th IMF 
e) Compute the stop criterion:
5) Repeat step 3) with 1 k k = + until the residue has a monotonic trend or the range of residue is below a predetermined level.
So, the result of sifting process is that ( ) x t is decomposed into several IMFs， ( )
, and a residue ( ) K r t , ( ) x t can be exactly reconstructed as a linear combination that is given by:
As described above, the process separates the highest frequency IMF component from the data based upon the smallest time scale first, and then sifts the IMF component which contains lower frequency oscillations than the one just extracted before. What we interest is the different time scale represents the different frequency component, we could make a sum of several wanted IMFs reconstruct partially the signal. In that way, it seems to be a filter based upon characteristic time scale but not just the time or frequency domain.
In the next chapter, simulations about the actual noisy TH-PPM UWB process of communication are presented to demonstrate the validity of the method.
Based on different time scale characteristic of the signal and noise, a majority of noise will be removed from signal by proper selection of IMFs. Simulations have demonstrated that an efficient elimination of noise on UWB signal and a great improvement on Bit error rate (BER) are achieved.
III. SIMULATIONS AND RESULTS
The conventional TH-PPM UWB signal of single user can be expressed as: Here, the average signal to noise ratio (SNR) is defined as:
Where, 2 ( ) r t is the total power of received signal with AWGN, 2 ( ) i p t is the power of i-th pulse waveform.
The typical TH-PPM UWB signal containing one bit is depicted in Fig.1 . the upper is free and the nether is noisy signal with SNR of -10.7dB. Fig.2 shows a sequential extraction of IMFs by the EMD of the noisy TH-PPM UWB signal. It is decomposed into eight oscillatory modes from fine to coarse and a residue 9 C . It is clear that the highest frequency component is involved in the first and second oscillatory modes which are considered as noise. The outcome of reconstruction from 3 9 C C ∼ oscillatory modes is shown in Fig.3 . It is easy to observe that noise reduction is remarkable and the SNR is -0.8dB by equation (7) . It is obvious that the reconstructed signal by properly selection of IMFs improve SNR about 10dB.
Moreover, the bit error probability versus SNR performance of TH-PPM UWB communication with 10000 bits used is presented in Fig.4 . As expected, the bit error probability performance is increased by applying the EMD scheme, and as the SNR increases, the system performance increases due to the EMD. In this paper, we introduce an effective EMD approach to removing noise from actual TH-PPM UWB communication system. Because, EMD derives basis functions from the received data only, it provides great benefits on signal denoising than that offered by traditional FFT or wavelet based method and so on. In particular, noise is preferentially removed from the IMF component by its highest frequency and smallest time scale features. The SNR and bit error probability performance improvement provided by EMD approach is evident through analytical and simulation results.
